INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
was first introduced in 1968 by McCune et al. [1] , and has evolved over the decades. Currently, it is a valuable, widely used diagnostic and therapeutic tool in hepato-biliary-pancreas diseases. However, ERCP has a relatively high complication rate of nearly 10% and a mortality rate of 0.1 to 1% [2, 3] . As therapeutic aspects of ERCP are becoming more important and endoscopists take on increas-ingly more complex cases, the risk of complication is increasing. Although pancreatitis, cholangitis, and hemorrhage are more frequent ERCP complications [3, 4] , ERCP-related perforation is one of the most feared, due to its potentially lethal nature.
The reported perforation incidence is 0.3 to 2.0% [3, [5] [6] [7] [8] [9] , and the mortality rate is 12 to 25% [2, 3, [9] [10] [11] . Hazardous as it is, appropriate management of ERCP-related perforation is essential to avoid detrimental outcome. Surgical management was considered the standard management of perforations. Many authors advocated early surgical management for ERCP-related perforations [8, 9, 12] . Most recent studies, however, indicate that carefully selected patients may recover uneventfully with conservative management alone [10, 11, [13] [14] [15] [16] [17] . Many treatment guidelines are being proposed [10, 11, [16] [17] [18] , but a consensus has not been reached. To establish a consensual guideline with appropriate validation, a randomized controlled trial (RCT) is preferable; however, RCTs for ERCP-related perforation are unlikely due to ethical problems. Therefore, detailed analyses of large-scale case series are a better alternative.
This study aimed to identify patients who may be managed conservatively by examining the ERCP perforation treatment results. At the same time, we aimed to establish a simple ERCP perforation management guideline with a management algorithm based on a review of 53 cases. Injuries were classified into two types: type I were duodenum lateral wall or jejunum injuries and type II were para-Vaterian injuries which includes periampullary injury and bile duct injury.
METHODS
After acquiring approval from our Institutional Review
Board, data on demographic information, ERCP indication and purpose, perforation site, management method, related complication, mortality, hospital stay, and hospital cost of the patients were collected from the patient's electronic medical records. Treatment outcome was assessed by evaluating the hospitalized duration, hospital cost, and related morbidity and mortality rates.
Comparative analysis, according to injury type and management method, was done using chi-square or 
RESULTS
Clinical characteristics and overall management outcome
Over the 11-year period, 8,381 ERCP procedures were undertaken and 53 (0.63%) ERCP-related perforations occurred. Among the 53 patients, 22 (41.5%) were male and 31 (58.5%) were female. Mean age was 66.7 ± 1.6 years thesurgery.or.kr (range, 21 to 91 years).
The most frequent diagnosis was biliary stones (n = 30), followed by periampullary cancer (n = 6) and Klatskin tumor (n = 4). There were 3 cases each of gallbladder cancer, advanced gastric cancer, and benign biliary stricture.
Other diagnoses included one case each of intraductal papillary mucinous neoplasm, biliary cystadenocarcinoma, hepatic cyst, and duodenal carcinoid tumor. 
Clinical outcome comparison of type I and type II injuries
The demographics and procedure/injury related data for the 21 vs. 4.2%). However, none of these differences were significant.
Comparison of clinical outcome according to management type
Thirty-five patients received conservative management and 18 patients received operative management. No significant differences were found demographically or with respect to procedure and to detection delay between the management groups. However, between the groups, injury type and mean delayed detection time were significantly different (Table 1 ). In the conservative group, 88.6% (31/35) were type II injuries whereas in the operative group 94.4% (17/18) were type I (P ＜ 0.001). Moreover, the mean delayed detection time was longer in the conservative group (36.0 ± 6.8 hours vs. 14.8 ± 7.7 hours, P = 0.031).
With regard to management outcomes, the mean hospital stay was shorter (20.6 ± 2.6 vs. days 29. Table 2) .
One of the successful cases involved endoscopic clipping (Fig. 2) . The reason for the conservative management attempts in mainly Billroth II anatomy patients was the possibility of perforation sites localized with adhesions from previous surgery. There were not any specific indications in predicting the possibility of spontaneous sealing, and this prediction was based on the clinician's decision.
The outcomes of conservatively managed type I injuries were similar with those of the operatively managed type I injuries in terms of hospital stay (28.5 ± 6.9 days vs. 31.1 ± 6.0 days, P = 0.658), cost (18.1 ± 6.6 thousand USD vs. 20.6 ± 5.5 thousand USD, P = 0.929), morbidity (50.0% vs. 58.8%, P = 1.000), and mortality (25.0% vs. 5.9%, P = 0.352).
Additionally, although statistical significance was not demonstrated, conservatively managed type I injuries had longer hospital stay (28.5 ± 6.9 days vs. 19.6 ± 2.8 days, P = 0.153), higher cost (18.1 ± 6.6 thousand USD vs. 9.6 ± 1.2 thousand USD, P = 0.265), higher morbidity rate (50.0% vs.
19.4%, P = 0.218), and higher mortality rate (25.0% vs. 3.2%, P = 0.218) than type II injuries.
Morbidities and mortalities
Of 53 
DISCUSSION
There have been continuous discussions on perforation management, and ERCP-related perforation was traditionally known to require prompt surgical management [8, 9, 12, 19] . However, successful conservative managements have been reported, and currently is being widely accepted in selected patients [10, 11, [13] [14] [15] [16] [17] [18] . A key discussion issue is who can be conservatively managed and who should be promptly operated upon. This is important since many have reported high morbidity and mortality rates in failed conservative management [8, 10, 14] . As the best outcome in a perforated patient can only be ensured by prompt and appropriate management, an accurate and simple guideline is needed.
Many studies report that around 70% of patients with ERCP-related perforation can be managed conservatively [16, 17, 20] . This percentage may vary depending on management policy. Following the treatment guideline at our institution, 66.0% of perforated patients were conservatively managed. Excluding mortalities, the conservative management failure rate was only 3.0% (1/33). To evaluate the validity of conservative management, conservative and operative groups were compared. Outcome comparison showed a significantly lower morbidity rate in the conservative group; also, with marginal significance, their hospital stay was shorter and cost was less (Table 1) . These results suggest conservative management offers a better outcome than operative management. Therefore, any patient suitable for conservative management should be properly guided as to avoid unnecessary operation that may lead to an inferior outcome.
An important and significant difference between conservative and operative groups was in injury type. Most of the operative group had type I injuries, and nearly all of the type II injuries were managed conservatively. This implies that management method can simply be determined on the basis of injury type. Several researchers have classified perforations according to injury location or mechanism, and have proposed treatment recommendations for each class (Table 3) Therefore, in cases where endoscopic clipping is possible, Fig. 3 . Simple, easy-to-remember management algorithm is proposed based on the findings of current study.
better outcomes can be anticipated, even in type I injuries.
This warrants further investigations into the application of endoclipping and the feasibility of conservative management in type I injuries.
Based on our findings, we propose a simple management algorithm which can be readily and easily used ( An obvious limitation of this field of study is that an RCT is not possible due to major ethical issues; thus, such study inevitably leads to retrospective case reviews.
Another limitation is the small number of ERCP-related perforation cases. To our best knowledge, our number of analyzed cases (53 cases) from a single center is second only to a study by Fatima et al. [17] (75 cases). Even so, our sample size is insufficient for subgroup analyses. Rare as such cases are, acquiring enough cases from a single center is inefficient. For a quality conclusion, accumulation of data from multiple centers with same management guidelines or a comprehensive meta-analysis is required.
In summary, conservative management is feasible and produces better outcome than operative management in well-selected patients. Nearly all type II injuries and some type I injuries where endoclipping is possible may be successfully managed conservatively. Therefore, for convenience, injury may be classified simply into type I and type II injuries, and the appropriate management method determined accordingly. By following a simple and easy-to-remember management algorithm, satisfactory treatment outcomes can be expected.
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